This study evaluated the effect of thermo-treatment (THT) at 4 temperatures on the density, shrinking, mass loss, moisture absorption, color, durability in terms of resistance to decay, flexural strength, tensile adhesion of glue line and the infrared spectrum of the wood of Tectona grandis and Gmelina arborea. Sapwood, heartwood and radial and tangential grain patterns were studied. The results showed that the THT temperature decreases the density, the percentage of moisture absorption, the modulus of elasticity and modulus of rupture in the flexure test and the tensile adhesion of glue line. The percentage of shrinking and durability presented irregular behavior relative to the THT temperature. The percentage of mass loss increased with increasing THT temperature in both species. The total color change (∆E*) of thermo-treated wood (THTwood) also increased with increasing THT temperature. Sapwood of T. grandis and G. arborea, having clearer shades, showed a more noticeable color change compared to hardwood; however, no significant differences were obtained between some of the THT temperatures.
INTRODUCTION


Wood is a widely used material [1] ; however, it presents some inconveniences, such as dimensional changes [1] and susceptibility to damage caused by biotic and abiotic agents [2] . Due to these problems, new techniques and processes have been developed to modify and improve the properties of the wood [3] . Thermal treatment is one of those methods, used to enhance some characteristics and properties of the wood, such as dimensional stability, permeability and natural durability, among others [4] .
The thermal modification or thermo-treatment (THT) is a process in which the wood is treated in an inert gas atmosphere at temperatures generally as high as 260 °C and varying times of exposure [5] . The parameters used in this process differ according to the species and conditions in which the process is executed, in order to adjust to wood dimensions, moisture content (MC) and possible use of the wood [6, 7] . The cost of thermo-treated wood (THTwood) is lower than the cost of preservation treatments using chemical impregnation [6] .
However, one of the inconveniences of THTwood is the loss of mechanical resistance. Kesik et al. [7] found changes in the mechanical properties of THTwood from four different species, i.e., reductions from 15 to 26 % in hardness. Similarly, Bekhta and Niemz [8] in their research report reductions in flexural strength of approximately 50 % and between 4 to 7 % in the modulus of elasticity (MOE) for wood of Picea abies. Meanwhile, Gunduz et al. [9] indicated diminutions in flexural strength and compression of 7.42 % and 7.55 % respectively for wood of Pyrus of T. grandis and G. arborea were evaluated on the physical properties, like density, shrinking, weight loss, moisture absorption, color (measured by the CIEL*a*b* system), durability (by accelerated tests of resistance to natural degradation); mechanical properties, such MOR and MOE in the flexion and adhesion (by tension) test. THTwood was performed using industrial equipment seeking to obtain an environmentally friendly product, with enhanced properties and characteristics as to compete in the domestic market.
EXPERIMENTAL DETAILS
Provenance, characteristics of the material and sampling: The T. grandis and G. arborea wood was obtained from forest plantations for wood production located in the northern zone of Costa Rica, owned by the company Ethical Forestry S.A. The wood used was obtained from trees from second thinning from plantations of 11 and 8 years, with a spacing of 3 × 3 meters. It was selected this tree age because lumber is extracted from tree with those age. The logs were sawn into boards 7.5 cm wide × 2.5 cm thick × 250 cm long and radial and tangential wood samples were obtained. The wood was classified by sapwood or heartwood boards, which were then dried following the typical drying schedule at a target MC of 12 % [15] . In T. grandis the THT was evaluated in sapwood and heartwood, including different grain patterns (radial and tangential patterns). However, it was not possible to obtain radial sapwood due to its thickness and log dimensions. In G. arborea, the thermo-treatment was studied only for radial and tangential sapwood, since it is not possible to distinguish between sapwood and hardwood. 30 boards approximately 7.5 cm wide × 2.5 cm thick × 250 cm long were prepared for each species. Different grain pattern was studied because the wood properties are different [12, 15] and they have difference performance in the THT process [6] . Finally, the boards were divided in 5 samples with 7.5 cm wide × 2.5 cm thick × 50 cm.
Thermo-treatment process: Sawn wood in dry condition, at approximately 12 % MC, was THT at four different temperature levels: 205, 210, 215 and 220 °C for T. grandis and 185, 190, 195 and 200 °C for G. arborea. The precision temperature was kept during the heat treatment of wood was ± 2. In addition, each species included untreated (without thermo-treatment) samples. The THT temperatures were selected considering previous results [16] where suitable temperature ranges every 5 °C were found. Samples were introduced and stacked in a Volutec® brand oven and each THT process was performed independently. The process consisted of several drying stages during 17 hours at 130 °C, until reaching 0 % MC. Subsequently, an increase of 130 °C was applied to the temperature defined for the type of THT with a duration of 6 hours, and was held for two hours. The conditioning step was then applied for 7 hours, in which steam, water and temperature were applied to hydrate the wood and achieve about 6 % MC. Finally, a cooling process was applied for 3 hours. The THT process was performed under oxygen free conditions in the presence of nitrogen.
Determination of wood density, shrinking, mass loss and moisture absorption: Each THTwood samples was measured its wood density (WD), shrinking percentage (SP), mass loss per THT (MLT), and moisture absorption (MABS) after the THT process. The WD was determined by the relationship between the dimension (volume) measured in samples (approx. 7.5 cm wide × 2.5 cm thick × 50 cm) and the mass of each sample after the THT process. The SP was determined by measuring the width of each of the boards before and after the THT and then the difference between the two dimensions was determined and expressed in the initial measure as a percentage. For MLT, each sample was weighed before and after THT and the difference between the two masses was determined and expressed as a percentage of the initial weight. To determine MABS, 10 THTwood samples were used for each treatment conditioned to 12 % with dimensions of 2 cm × 2 cm × 2 cm. The samples were placed in a desiccator with a saturated solution of potassium nitrate at 22 °C (21 % equilibrium moisture content). The samples were weighed weekly until they reached a constant mass. The mass before and after this period was measured and MABS was calculated with Eq. 1.
Wood color change: A HunterLab miniSkan XE Plus spectrophotometer was used for color measurement, with standardized CIE L* a* b* chromatographic system. The measuring range was 400 to 700 nm, with an aperture at the measurement point of 11 mm. The observation of the reflection included the specular component (SCI mode), at an angle of 10°, which is the normal of the surface of the specimen (D65/10); a field of view of 2º (Standard observer, CIE 1931) and a level of illumination of D65 (corresponding to Daylight at 6500 Kelvin). The CIEL*a*b* color system allows three-dimensional color measurement. Color was measured in each of the boards before and after THT and the total color change (ΔE*) was then quantified according to ASTM D 2244 [17, 18] .
Modulus of elasticity, modulus of rupture, tensile adhesion and percentage of failure of the glue line in wood: MOR and MOE were determined under the ASTM D143-14 [19] . The tensile adhesion of the glue line (Ts) was performed according to the European standard UNE EN-205 [20] and the percentage of failure (Fp) using the ASTM D 5266-99 standard [21] . The adhesive used was of the type Lanco®Vynil acetate Grip Bond 4™. The tests were carried out in a universal JBA test machine, model 855 and in all cases 30 specimens were used for each species according to each treatment.
Accelerated test of resistance to natural degradation: To perform this test, 30 samples of 2 cm × 2 cm × 2 cm of the THTwood were prepared, for each species/treatment, although the wood grain patterns were not taken into account, since it was not possible define the orientation because of the dimensions of the samples used. The accelerated test for resistance to natural degradation was carried out following the methodology of the ASTM standard designation D-2017-81 [22] and the resistance to attack of the fungi (Mloss) was measured by mass loss. Two types of fungi were used: Trametes versicolor and Lenzites acuta, of white and brown decay, respectively.
Statistical analysis: The mean and standard deviation of the data were estimated for each of the properties evaluated in the THTwood of T. grandis and G. arborea. Subsequently, an analysis of variance (ANOVA) was performed, for which the assumptions of normality and homoscedasticity of the data were verified. The data that did not comply with the assumptions of normality or homoscedasticity were transformed through the function "standardization" provided in the statistical program InfoStat, which allowed the fulfilment of the said assumptions. The statistical program Infostat was used to perform the statistical analysis of the data. The existence of significant differences between the means of the treatments was verified by a Tukey test, using a statistical significance of p < 0.05.
RESULTS AND DISCUSSION
3.1. Determination of density, shrinking, mass loss and moisture absorption in thermo-treated wood WD and SP variation for the different THT in relation to the type of wood (sapwood or hardwood) and type of grain pattern (radial or tangential) is presented in Table 1 . WD diminished as the THT temperature increased, in both species, except in T. grandis radial hardwood THT at 210 °C and 220 °C, and tangential hardwood at 220 °C of the same species, where increased WD was observed relative to lower THT temperatures. In addition, higher values of WD observed correspond to the control treatment.
In relation to wood SP after THT, the results showed that T. grandis THTwood is statistically similar between the different temperatures for the two types of wood and the two grain patterns (Table 1) . However, G. arborea THTwood is statistically different at some temperatures. The range of the values obtained in SP presented a variation of between 1.20 and 2.61 % in T. grandis and between 1.62 and 2.40 % in G. arborea. Similarly, it was observed that the SP values obtained at the different temperatures for T. grandis did not present a specific behavior. On the contrary, the values in SP obtained for G. arborea tended to increase as the THT temperature increased, except for tangential grain patterns of THTwood at a temperature of 200 °C, that showed a decrease in SP (Table 1) . MLT of THTwood is shown in Fig. 1 . In the case of G. arborea (Fig. 1 a) , the MLT presented a similar behavior in both types of grain patterns, with a tendency to increase as the THT temperature increased. On the other hand, T. grandis THTwood (Fig. 1 b) showed similar behavior with both types of wood and grain patterns, where MLT diminished with temperatures from 205 °C to 210 °C. Subsequently, MLT increased progressively between temperatures from 210 °C to 220 °C (Fig. 1 b) . Fig. 1 shows the variation of the MABS for the different THT in the species G. arborea and according to the type of wood (sapwood or heartwood) in T. grandis. It can be observed that the MABS values for G. arborea (Fig. 1 c) presented an irregular behavior, where the THTwood at a temperature of 200 °C was the one that presented the highest MABS and the THTwood at a temperature of 185 °C presented the lowest MABS. Similarly, for T. grandis ( Fig. 1 d) , it was possible to observe an irregular behavior of the values between the different THT for the types of wood (sapwood and heartwood). However, it was observed that the sapwood showed higher MABS values for all treatments compared to heartwood, with values ranging from 1.99 to 2.66 % for sapwood and between 1.05 and 1.79 % for hardwood ( Fig. 1 d) . Firstly, it is important to mention that results showed that higher differences are found between grain pattern (radial or tangential) or type of wood (sapwood or heartwood than the difference between among temperature (Fig. 1, Fig. 2 ). This results show that the differences of used temperatures are very small and too small, therefore is invisible the influence of temperature of THT on the properties of wood. (Table 1) is congruent with reports of THTwood of Pinus sylvestris 23, Pyrus elaeagnifolia 9 and T. grandis 16. This decrease in WD is associated to MLT of the wood during the THT 24, as confirmed by the results obtained in the THTwood of G. arborea and T. grandis (Fig. 2 a, b) . It was observed that MLT in the wood increased with increasing THT temperature (Fig. 2 a, b) , which is congruent with reports on Tilia cordata Mill 4 and on THTwood of Fagus orientalis 25. The MLT is attributed to the degradation of wood components (mainly hemicelluloses), produced by chemical reactions during the THT process, which causes the volatilization of wood extractives 26. This thermal degradation causes a loss of weight in the wood, which is one of the most important indicators of the quality or the degree of the THT applied 27.
Not in all cases an increase in MLT with THT temperature occurs 1. For example, there were no statistically significant differences by temperature in this study with regard to the THT tangential-grain wood of G. arborea (Fig. 1 a) and in THT tangential-grain heartwood of T. grandis (Fig. 1 b) . In these cases, THT temperatures do not lead to significant changes in the loss of wood components and extractives. However, when MLT increases with temperature, for example, in G. arborea THT radial wood (Fig. 1 a) and in tangential and radial grain patterns of sapwood and hardwood of T. grandis (Fig. 1 b) , it is due to high temperatures and prolonged times that produce a reduction of the mass 9.
WD reduction is one of the main indicators of the degree of THT 27, higher values of MLT being obtained at higher temperatures. However, no significant differences were found between the THT temperatures of both species, except for tangential-grain sapwood at 205 °C, where significant differences with respect to the rest of THT temperatures were obtained (Table 1 ). This slight difference between WD of THTwood at the different temperatures can be explained by Gunduz et al. 9 and Uribe and Ayala 1, who point out that, although there is a decrease of the wood weight and volume with THT, such diminution is not significant as to cause a perceptible change in WD. Besides, our study, probably it was necessary to increase wood samples to increase results accuracy, especially statistical differences.
Regarding the SP of THTwood of both species, these values have the advantage of being lower than those of the International Thermowood Association 23, which indicates shrinking parameters for this type of wood between 5 and 8 %, while in this study the values range between 1.20 to 2.61 % (Table 1) .
In general, with few exceptions, an increase in MLT with increasing THT temperature was observed in both species (Table 1) . This is because during THT process the wood is subjected to high temperatures that eliminate the water in the wood cell wall 28, therefore the shrinking. On the other hand, high SP values are expected in wood treated at high temperatures and in tangential grain pattern, for the reason that in this direction the strengths of the radiuses do not interfere due to the orientation of the parenchyma cells 29, 30. This behavior was observed in T. grandis thermo-treated wood, where the highest shrinking percentages were obtained in tangential hardwood at a temperature of 220 ºC, whereas in G. arborea wood the greatest shrinking was obtained in tangential thermo-treated wood at a temperature of 200 °C (Table 1) . However, some inconsistencies were found in the THTwood, for example, T. grandis heartwood, THT at 215 °C, showed greater shrinking in the radial direction with respect to shrinking in the tangential direction of sapwood and hardwood (Table 1) . This behavior can be attributed to other factors such as the presence of juvenile wood 31, which presents high shrinking in the radial direction, or that the samples were obtained from central parts of the log, which is characterized by high presence of juvenile wood.
In THTwood, MABS tends to decrease with increasing THT temperature, due to its greater permeability caused by the chemical changes during the process 9, such as the removal of volatiles and organic compounds 1, mainly hydrophilic agents in wood 32. Gunduz et al. 9 indicate that the THT significantly reduces radial and tangential stresses, resulting in lower MABS, changes that begin to occur at approximately 150 °C and intensify as the temperature increases. However, such behavior was not observed in the present study. The MABS in the THTwood increased in the different THT temperatures for the grain pattern types in G. arborea (Fig. 1 c) . In the case of T. grandis THTwood (Fig. 1 d) , no THT temperature produced a decrease of MABS in either sapwood or heartwood in relation to wood without THT.
Lack of improvement of MABS through THT in both species studied can be attributed to low MABS of the wood and good dimensional stability 12, 31. Thus, thermotreatment can cause few effects on water-related components and therefore few effects on MABS in THTwood, as found in the present study. Fig. 2 shows the results obtained in the measurement of the total color change (ΔE*). In G. arborea THTwood (Fig. 2 a) , the behavior of the ΔE* values is similar in both types of grain patterns, with a decrease of ΔE* in the THTwood from 185 °C to 190 °C. Subsequently, there was an increase of ΔE* as the THT temperature increased. Meanwhile, for T. grandis (Fig. 2 b) , a similar behavior was again observed between different types of wood and grain patterns. THTwood at a temperature of 205 °C showed the highest ΔE* values. Furthermore, a decrease in ΔE* was obtained from 205 °C to 210 °C, and an increase later in ΔE* with the increase of the THT temperature (from 210 to 220 °C), (Fig. 2 b) .
The change in perceptible color in the THTwood is related to the changes that the human eye perceives and this can be evaluated with the ΔE* 15. It was found that, regardless of the species or grain pattern in the wood, there was a tendency to increase the ΔE* (high color change perceptible to the human eye) with the increase of the thermo-treatment temperature, coinciding with what was reported by the International Thermowood Association 23 for THTwood of Pinus sylvestris. Also, higher values of ΔE* were obtained in sapwood for T. grandis and G. arborea for being woods with whiter shades that when subjected to a THT process show a more noticeable color change compared to heartwood, where ΔE* is slightly less appreciable. However, in this type of white wood, the temperature range used has little ΔE* effect, since there were no statistically significant differences between some of the THT temperatures (Fig. 2) . Again, our study, probably it was necessary to increase wood samples to increase results accuracy, especially statistical differences.
The color changes obtained after applying THT to the wood are mainly caused by the hydrolysis of the hemicelluloses 9, 33. Hemicelluloses appear in the presence of essential components of wood, such as extractives, which not only contribute to color change 27 but also cause a decrease in the white tone (L* decrease). These changes are attributed to the degradation or modification of components through reactions such as oxidation, dehydration, decarboxylation and hydrolysis 26, as well as the darkening of lignin, linked to the generation of chromophore groups 11, which cause more noticeable color changes in woods such as G. arborea and in sapwood in T. grandis, since their shade is clearer.
In turn, Bourgois et al. 34 mention that diminution of the content of hemicelluloses, pentose in particular, in thermo-treated wood at 240 -310 °C, causes an increase in ΔE*. This change is also associated with some functional groups as carbonyl, lignin structures, hemicelluloses or quinoid structures, linked to the generation of substances that produce color in THTwood 35. Chen et al. 33 indicate that modification of wood components as hemicellulose and lignin degradation, as well as the presence of residual extractives due to wood exposure to high temperatures causes wood color to change. This change is more noticeable as the THT temperature increases. Thermal degradation is directly related to the degree of darkening of the properties of the color and the total color change (∆E*), which depend on the conditions of the thermal treatment applied 11 and, as a result, the color changes are visually appreciable (Fig. 3). 
Determination of the modulus of elasticity and modulus of rupture in flexion test in thermotreated wood
Fig . 4 shows the mechanical properties evaluated in THTwood. The MOE for G. arborea presented similar irregular trend between the two types of grain patterns (Fig. 4 a) . This property increased continuously from the control treatment to THTwood at 190 °C, diminished later in THTwood at 190 °C and 195 °C, increased again at 195 °C and 200 °C (Fig. 4 a) . The values of MOE in T. grandis (Fig. 4 b) presented an irregular behavior between the different temperatures, with tangential sapwood and radial heartwood presenting the higher values of MOE, except for the thermo-treated wood at 205 °C. In turn, the treatment at 210 °C presented the highest values in MOE for tangential sapwood and radial heartwood. As for tangential heartwood, the highest MOE values were obtained in the treatment at 205 °C (Fig. 4 b) . The results obtained in the MOR in flexion test show that the variation of the data in G. arborea (Fig. 4 c) was irregular between the different THT temperatures for both types of grain patterns (radial and tangential). The MOR presented an increase-decrease behavior as the established THT temperatures changed, i.e., a decrease in the values of the THTwood at 185 °C in relation to the wood without THT. But there is an increase in the values of the THTwood at 190 °C in relation to the THTwood at 185 °C, followed by a decrease and increase of the MOR values in THTwood at 195 °C and 200 °C respectively (Fig. 4 c) , except for the treatment at 195 °C for the tangential grain pattern, which presented values similar to the THT at 190 °C, without showing much variation. For T. grandis (Fig. 4 d) , it was found that the MOR presented a similar behavior between the different types of wood and types of grain patterns, being the values of tangential heartwood those that presented the smaller variation between the different treatments applied. In the same way, a decrease of the MOR was observed between the values of the wood without THT in relation to the values obtained from the samples to which the THT was applied (Fig. 4 d) .Although variation among the values of MOR obtained for THTwood of both G. arborea (Fig. 4 c) and of T. grandis (Fig. 4 d) in the different THT temperatures could be noticed, no significant differences could be established between the temperatures for the various types of wood and grain patterns analyzed (Fig. 4) . The differences of used temperatures are very small and too small, therefore is invisible the influence of temperature of THT on the properties of wood. However, values of MOR and MOE for T. grandis (Fig. 4 d) decreased with the THT, coinciding with the International Thermowood Association 23, who indicates for Pinus sylvestris that MOR and MOE reductions and higher resistance losses were evident at temperatures above 220 °C, therefore THTwood for structural uses is not recommended. The weakening of the mechanical properties arises from the modification of the wood due to the chemical degradation of polymers 27. According to Awoyemi and Jones 36, the reduction in MOR and MOE values is due to the degradation of tracheid walls -which in turn coincides with the degradation of the hemicelluloses, one of the main components of the cell wall -and because of the increasing content of crystalline cellulose and replacement of flexible hemicellulosecellulose-hemicellulose bonds with more rigid cellulosecellulose bonds 26.
Another important aspect indicated by Bal 37 regarding THTwood, is the decrease in the mechanical strength of the wood, which is higher as the THT temperature increases, due to hemicelluloses and celluloses becoming more rigid 26, 39. The THT not always reduces the mechanical properties of the wood. Kocaefe et al. 39 found that both MOR and MOE increased up to a THT temperature of 160 °C, and then both decreased as the temperature increased.
Determination of the tensile adhesion and percentage of glue line failure in thermotreated wood
The values of Ts presented a tendency to decrease with increasing thermo-treatment temperature, except for the tangential sapwood at 215 °C, which presented an increase of Ts in relation to the THTwood at 210 °C (Table 2) . Also, wood without THT presented the highest Ts values for each of the wood types and grain patterns in both species. Regarding the parameter Fp, wood and grain patterns of the species did not present any specific behavior, except for tangential heartwood of T. grandis, which presented a tendency to diminish the Fp with increasing THT temperature ( Table 2) . The Ts by traction of overlapping joints is shown in Table 2 , which shows that the resistance decreases as the THT temperature increases in both species, regardless of the type of wood and type of grain pattern defined. However, despite this decrease, no statistically significant differences were found between the different THT temperatures. Regarding the wood Fp, T. grandis presented a decrease with increasing THT temperature, indicating that THTwood at higher temperatures showed higher Fp. However, significant differences were only observed in the sapwood with tangential grain. On the other hand, the wood of G. arborea showed irregular behavior in relation to the Fp, as only the wood with tangential grain presented statistically significant differences.
In addition, it can be observed that the G. arborea THTwood had values of Ts slightly higher than those of T. grandis, which may be due to the fact that the THTwood of T. grandis used higher THT temperatures, resulting in greater wood fragility 25. On the other hand, Kuzman et al. 40 indicate an increase in the tensile adhesion in bonded wood joints of Fagus sylvatica and Picea abies when heat treated at 190 °C, compared to non-thermo-treated samples. However, these authors did not obtain significant differences in the strength of the joints glued in THTwood at different temperatures, coinciding with results from this study where no statistically significant differences were found ( Table 2 ). Ts decrease occurs mainly due to the degradation of hemicelluloses, which are less heat stable than cellulose and lignin 35, 40. In addition, the increase in Fp values is due to the breakdown of OH bonds and volatilization of extractives due to heat, which interferes with the quality of the bond between the adhesive and the substrate 26.
Determination of durability in accelerated tests of resistance to natural degradation of thermotreated wood
The Mloss values were particularly irregular for the two types of fungi (L. acuta and T. versicolor) used in the test and the different THT temperatures (Table 3) . T. grandis untreated wood (control treatment) showed statistically higher values of Mloss for both types of wood (sapwood and heartwood) with both types of fungi. Meanwhile, the lower values of Mloss in T. grandis sapwood were obtained in the THTwood at 205 °C with L. acuta, and at 220 °C with T. versicolor, whereas in heartwood, the lowest Mloss was obtained in the THTwood at 210 °C for both types of fungi (Table 3) (Table 3) . The Mloss accelerated test of resistance to fungal decay (Table 3) classified the THTwood in the different temperatures and different types of fungi between "highly resistant" and "resistant" to the fungi T. versicolor and L. acuta. This according to the ASTM 2017 standard 22, since the Mloss values are between 0 and 24 %, contrasting with untreated sapwood of T. grandis species, which presents Mloss values above 25 % for T. versicolor, cataloging it as "moderately resistant" based on the aforementioned norm. An important aspect to be mentioned is that the THTwood at different temperatures showed no statistically significant differences between the different THT temperatures and the wood without THT (Table 3 ). This coincides with Kamdem et al. 41, who mention that Mloss obtained for THTwood of Fagus sylvatica, Pinus sp. and Picea abies exposed to two brown rot fungi (Gloeophyllum trabeum and Poria placentra) and a white rot (Irpex lacteus), did not present significant differences between the THT temperatures used (between 200 and 206 °C).
According to Venäläinen et al. 42, Mloss caused by fungi is due initially to polysacarid degradation (cellulose and hemicellulose) and later, at more advanced stages of brown rot fungus, to lignin degradation, while white rot fungi degrade lignin first and then hemicellulose, aspects that are reflected when applying the THT. According to Calonego et al. 43, the increase in resistance to disintegration caused by fungal attack is related to duration and THT temperature, being more evident at higher exposure times and temperatures. This is because the higher the THT temperatures, the higher the decrease in moisture, hemicelluloses, as well as lipids, starch and some fatty acids necessary for fungal growth and capacity of action 39.When comparing the results obtained in this study with the two wood species (Table 3) , it can be observed that G. arborea presented Mloss per attack higher than those obtained in T. grandis with both types of fungus. Paul et al. 44 reported a slight increase in resistance to fungal degradation when the wood is THT at temperatures below 200 °C, as applied to the wood of G. arborea, which can explain the difference. In fact, authors such as Jämsä et al. 45 (1999) recommend using a minimum temperature of THT of 220 °C to achieve a significant increase in the resistance to the decomposition by fungi, aspects that were not applied in this study and could be influencing the results obtained.
CONCLUSIONS
According to the findings of this study, it was possible to determine that the thermal treatment, in both T. grandis and G. arborea, influences the properties of the wood, favoring some and affecting others. The differences of used temperatures are very small and too small, therefore is invisible the influence of temperature of THT on the properties of wood, but the higher change was observed in wood color. In order to achieve the best characteristics of the material, a balance between the desired and the optimal characteristic must be made. This depends on the purpose for which the wood is being heat treated. If the aim is obtain wood with an enhanced color and greater durability for uses where little effort is required, then high thermo-treatment temperatures are recommended. On the contrary, if what is needed is material with better mechanical properties, then lower thermo-treatment temperatures are advisable, taking into account that wood with less color changes and less durability will be produced, among other aspects.
